Background: While there has been much research regarding risk factors and prognostic factors for breast cancer in general, research specific to Iran is sparse. Further, the association between breast cancer survival and socio-demographic and pathologic factors has been widely studied but the majority of these studies are from developed countries. Southern Iran has a population of approximately 4 million. To date, no research has been performed to determine breast cancer survival and to explore the association between the survival and socio-demographic and pathologic factors in Southern Iran, where this study was conducted.
Background
Breast cancer is the most commonly diagnosed malignancy among women in developed countries [1] [2] [3] , and in some developing countries [4] [5] [6] . According to the report of the Iranian Centre for the Prevention and Control of Disease, Ministry of Health and Medical Education, 2000, Iran; breast cancer is the most prevalent cancer among Iranian women and accounts for 21.4% of all malignancies.
The prevalence of breast cancer in Europe and the USA is estimated between 8 to 10%. However, the lowest prevalence is seen in Asian countries, at about 1% [7] . In Iran the prevalence of breast cancer was reported as 6.7/1000 in 2002, which is even less than this [8] . While there has been substantial research published on risk factors and prognostic factors for breast cancer in general, research specific to Iran is sparse. Further, the association between breast cancer survival and socio-demographic and pathologic factors has been widely studied but the majority of these studies are from developed countries.
Iran has a total population of just over 70 million and almost all studies of breast cancer in Iran are from the capital, Tehran with a population of approximately 14 million. Most of these studies have not focused on survival and prognostic factors. To our knowledge, only two studies from Tehran have investigated breast cancer survival [9, 10] . Southern Iran has a population of approximately 4 million and to date no study has determined breast cancer survival in this region or explored the relationships between the survival and socio-demographic and pathological factors. This paper presents the results of a study which fills this gap by determining five-year breast cancer survival for women with breast cancer in Southern Iran, and the impact of 44 explanatory factors.
Ethical approval for this study was obtained from the Research Ethics Committee of Shiraz University of Medical Sciences, Iran, and the Research Ethics Committee of the School of Health Sciences and Social Care of Brunel University, UK.
Methods
This study used patients' records from Shiraz University Cancer Registry Centre, which is a hospital-based registry in a tertiary care centre which delivers oncology services to a population of approximately four million. This is the only centre which delivers oncology services in Southern Iran. Therefore, most probably all cancer patients come to this hospital for treatment. However a few of them may travel to other centers for treatment. The Cancer Registry was started on 1 January 2000 and so this study includes women who were diagnosed with breast cancer between 1 January 2000 and 31 Dec. 2005 . During that period, of the 6253 patients diagnosed with ten most common cancers in the area, 1192 were registered as having female breast cancer. Thirty women were excluded due to previous breast cancer (23) , ductal carcinoma in situ (2) , and other previous cancers (5) . In addition, 14 women with bilateral tumours were excluded due to the small numbers. Thus, the study population comprised 1148 women who were diagnosed with a first primary invasive breast malignancy and who underwent breast surgery including axillary dissection.
All patients were followed-up at regular three month intervals for the first year following diagnosis and had regular six month follow-ups thereafter. The last date of follow-up was 29 th July 2006. All subjects in this study underwent surgery and received radiation and all except a very small proportion received chemotherapy. These three treatment options have been offered in three sequences: surgery followed by chemotherapy and then by radiation, chemotherapy followed by surgery and then by radiation, and surgery followed only by radiation, in common with current practice in this region. About 82% received surgery followed by chemotherapy and then by radiation, 16% chemotherapy followed by surgery and then by radiation, and 2% received surgery followed only by radiation. At the time of diagnosis all patients were evaluated for metastasis to five distant sites: bone, liver, lung, brain, and ovary.
The main objective of this study was to investigate the impact of a wide range of factors on breast cancer survival. Therefore, the only outcome considered here is survival. All variables recorded at the cancer registry (44) were used in this study. The 44 explanatory variables divide naturally into three groups: socioeconomic or demographic, clinical/pathological factors, and distant metastases.
The association between each of the explanatory variables and outcome was assessed in turn using Cox's regression (unifactorial analysis).
Variables that were significantly associated with survival were considered firstly in each of the three conceptual groups: socioeconomic and demographic factors together, clinical/pathological factors, and distant metastases. Each model included all variables from the particular group that were statistically significant unifactorially, and then the variable that had the greatest regression estimate pvalue was removed from the model. This process continued by remodeling and repeating removal of the next variable with the greatest p-value until all variables left in the model had p-value less than 0.05. A final model was fitted by combining all variables which were statistically significant in the three groups separately.
The proportional hazards assumption was examined at all stages in two ways: i) visually by inspecting graphs of the cumulative baseline functions against log survival time and ii) by a test based on the Schoenfeld residuals.
The results are presented as hazard ratios and 95% confidence intervals. All analysis was conducted using Stata v9.
Results

Impact of socio-demographic factors on survival
Of the 1148 patients included in the analysis 859 were alive at the end of follow-up, 269 had died, and 20 were lost to follow-up. Median follow-up time, from first pathological diagnosis until the time of death or the end of study, was 34 months. Mean age at diagnosis was 47 years (ranged from 19 to 86 years).
In unifactorial analysis of all socioeconomic and demographic factors, only family income and smoking were significantly associated with survival. (Table 1 ) These two factors together were entered into the first model and both remained significant. Compared to the patients with a low family income those with a higher family income were at 54% lower risk of death. (Table 2) Smokers were also at a 40% higher risk of death compared to non-smokers.
Impact of distant metastases on survival
Metastases to liver, lung and bone were all significantly associated with poorer survival in the unifactorial analyses (Table 3 ). Metastases to bone and lung remained significant in the multifactorial model. Compared to the patients without distant metastasis those with lung metastasis had just over three times, and those with bone metastasis had just over twice the risk of death ( Table 2) .
Impact of clinical/pathological factors on survival
Of 15 clinical/pathological factors, greater tumour size and higher grade, tumour calcification and necrosis, skin and nipple involvement, vascular and lymphatic invasion, higher number of excised and involved nodes, greater lymph node ratio (LNR), treatment, and type of surgery were significantly associated with poorer survival in the unifactorial analyses ( Table 4 ). The factors that remained significant were tumour size, histological grade, number of involved nodes, and lymph node ratio. Patients with tumour size 5 cm and above had a two-fold increase in risk of death compared to the patients with tumour size 2 cm and less. Patients with poorly differentiated tumour grades had a doubling of risk of death compared to those with well differentiated tumour grades. There was a steady rise in risk with increased number of involved nodes ranging from a three-fold to a fifteen-fold increase in risk compared to node negative patients (Table  2) . Hazard ratios increased steadily as the lymph node ratio increased with the hazard being greatest for patients with a ratio of one compared with zero.
We modeled all statistically significant variables of the three previous models together to explore how the effect of socio-demographic variables might influence survival. This analysis showed that while the effect estimates for all variables were virtually unchanged, the socio-demographic variables and bone and lung metastases became non-significant. (Table 2 ) We interpret this as showing that the effects of the real and measurable effects of sociodemographic factors on survival were expressed in tumour characteristics.
Using the life-table method, five-year overall survival of this study population was 58% (95%CI; 53%-62%). The three-year overall survival was 76% (95%CI; 73%-79%).
There was no evidence that the proportional hazards assumption was violated in any of the analyses reported above.
Discussion
This study has shown that of all socioeconomic factors only family income was associated with survival after adjustment for other factors. This is in agreement with other studies which obtained family income data by interviewing patients [11] [12] [13] as in this study. However, other studies which have obtained income data from a census have shown no association [2, 14, 15] .
Of all demographic factors assessed, only smoking was related to breast cancer prognosis in this study, showing an adverse effect on survival which remained significant after adjustment for income. Two other studies in the UK and Sweden found a similar result [16, 17] . It is perhaps surprising that income remains significant after adjusting for smoking. This may be a true effect or may be due to inadequate control for smoking using the binary data available -smoker/non-smoker. Exploratory analysis provided evidence that the effects of smoking and income on survival were mediated through adverse tumour characteristics.
The impact of young age at diagnosis on breast cancer survival has been long debated. This study found no evidence of a relationship between younger age at diagnosis and survival. Moreover age at diagnosis was not related to tumour characteristics. These findings accord with some studies [13, 18, 19] but not others [20, 21] although in the latter studies the age categorization and settings were different.
BMI was not significantly related to survival in agreement with Carmichael's study in 2004 [22] . However four other studies reported a higher risk of death in patients with BMI > 30 compared to those with BMI < 25 [23] [24] [25] . The differences in findings for BMI in our study could be due to their late stage diagnosis for our study population.
This study found no evidence for a relationship between family history of breast cancer and survival and also observed that patients with positive and negative family history had similar tumour characteristics. This is consistent with the results of several other studies [21, 26, 27] . Our findings revealed that tumour size, histological grade, and lymph node status were associated with breast cancer survival after mutual adjustment. This result is consistent with some other studies [28, 29] . We found that poorly differentiated tumours carried a higher risk of death compared to well-differentiated tumours. Patients with tumour size 5 cm and above had a higher risk of death than those with tumour size 2 cm and less.
In this study lymph node status was investigated in three different ways: number of involved nodes, lymph node ratio, and number of excised nodes. The number of involved nodes and lymph node ratio were the most powerful predictors of survival on multifactorial analysis. According to our findings not only did node positive patients have a poorer survival rate compared to node negatives, but also as the number of involved nodes increased the risk of death increased too. A similar trend has been reported elsewhere [30, 31] . Lymph node ratio (LNR) was negatively correlated with survival in agreement with studies from Canada [32] , Belgium [33, 34] and the USA [35] . The number of excised lymph nodes was non-significant after adjustment for other pathological factors.
This study found no association between histological type and survival in common with other works [29, 36] . We found no evidence for an effect of intra-mammary tumour location. However, three studies reported an adverse effect of medial location [37, 38] , and three others reported that central location was a negative predictor of survival [39, 40] compared to other locations. These differences might be due to missing data in our study since data regarding tumour location was only available for about one-third of the women. Skin and nipple involvement, tumour calcification and necrosis, vascular and lymphatic invasion were negatively associated with survival, but these effects became non-significant after adjustment. We note that these factors were closely correlated with each other and also with tumour size and grade, and lymph node status which may explain our findings.
Patients who underwent surgery as the first treatment option had a better prognosis than those who were treated firstly by chemotherapy. It might be due to a larger tumour size; because, women with larger tumours or metastatic diseases at diagnosis were mostly treated with chemotherapy followed by surgery. Moreover, all patients with tumour size above 1 cm received chemotherapy, which is a standard practice at the institution of study. This practice may not be standard elsewhere and this difference in treatment may contribute to the relatively poor prognosis seen.
Most other studies have reported significant effects on survival of tumour size, histological grade, and lymph node status but for other pathological factors. Our findings differed a little which could be due to the adjustment we performed -other studies have tended to adjust for only a few pathological factors whereas in our study we included 13 pathological factors that were significantly associated with survival in unifactorial analysis.
Three-and five-year overall survival rates in southern Iran were found to be 76% and 58%, respectively. To our knowledge only two studies have previously reported 5-year overall breast cancer survival rates in Iran and these were 60% [9] and 62% [10] . These studies were conducted in Tehran. The 5-year overall survival rates in Iran compare with 46% in India [41] , 64% in Oman [4] , 65% in Greece [42] , 71% in Germany [43] , 78% in Belgium [41] , 89% in the USA [44] , and 84% in the UK [45] and show that Iran has considerably poorer survival than European countries and the United States.
There are several possible reasons for this. In Iran women's awareness of breast cancer is limited -Iranian women have little or no information regarding breast self examination and its effect on early detection and prognosis. A study of health staff in Tehran found that only 6 percent of them reported doing breast self examination on a regular basis [46] and a study in Middle Eastern Asian Islamic immigrant women in the USA reported that none did regular breast self-examination [47] . Although, Hackshaw, 2003, concluded that breast self-examination cannot improve survival after breast cancer, women who do it, are more aware of changes in their breast and seek care earlier if there is any problem [48] .
There are strong cultural barriers which hinder Iranian women from consulting with a physician for sensitive female-specific health problems. Even highly educated women are reluctant to seek treatment for breast tumours. Further to this, access to cancer treatment units is slow, delaying diagnosis and there is no screening mammography. It seems probable that all of these factors increase the chances of delayed diagnosis and hence late stage disease which is the main difference between Iranian women and women in Western countries.
There are some limitations to this study. Data for some explanatory factors were missing and some were recorded in a wrong way that made them less useful. For example, for age at first pregnancy data were available for 122 patients and for OCP usage it was available for 255 patients. In relation to OCP usage it was recorded as usage of OCP for three years and less and for above three years. It was not clear whether the others had never used OCP or they had used it but they were not asked for any information. A proportion of subjects had received hormonal therapy, but no data regarding hormone receptor status and hormonal therapy were recorded in the registry and so this factor could not be investigated. Also the type of chemotherapy drugs, doses, and duration of chemotherapy was not recorded at the registry and was not analyzed in this study. In relation to preexisting diseases, only one disease was recorded for each patient per GP visit and so there were no data on any other preexisting diseases. In addition, preexisting diseases were categorized into five categories: gastrointestinal and respiratory, cardiovascular, psychological and neurological, gynaecological, endocrine and metabolic. This categorization differs from the international classification of diseases, and other diseases such as musculoskeletal and skin diseases were not considered. Again it was not clear whether the patients did not have these diseases or they had but it was not recorded. All of these limitations have since been addressed for future data collection but cannot be remedied for the current study.
It is strength and a weakness that this is the first study based on cancer registry data in Shiraz University of Medical Sciences, where full data collection was begun in 2000. The strengths lie in the richness of the data with many potential predictor variables tested and the uniqueness of the findings for this population. The weakness is that only 5 years of data were available for analysis, giving a relatively small sample size of 1148 women. This therefore limits the statistical power of the study. With 1148 women and power 90%, significance level 5%, a hazard ratio of 1.4 can be detected. Therefore we acknowledge that this study has insufficient statistical power to detect effects which are smaller than this and so it is possible that smaller effects have been missed. In future years when more data have been gathered, power will be greater and smaller effects can be estimated with greater confidence. In addition, in future years, the follow-up period will be longer allowing survival to be estimated with greater precision and to allow the estimation of survival beyond the 5 years possible at this time.
Conclusion
In conclusion, the results presented in this study demonstrate a relatively low five-year overall survival rate for women diagnosed with breast cancer in Iran. Following the analysis of 44 explanatory factors, the results presented in this study suggests that survival from breast cancer in southern Iran is affected by delayed diagnosis and therefore late stage disease. We hypothesize that this is due to low level of awareness, cultural barriers and slow access to treatment. Further research is needed in Iranian women to test these hypotheses and thus design appropriate interventions to ultimately improve survival.
